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DI0275. 

IONIC LIQUIDS AS SOLVENTS iN METALLOCENE C ATALYSIS. 

5 The present invention relates to the use of ionic liquids to dissolve metallocene 
catalyst components and thus prepare catalyst systems that are very active for 
the polymerisation of olefins. 

Ionic liquids have been described in literature such as for example in US-A- 
10 5,994,602, or in W096/1 8459 or in WO01/81363. They disclose various methods 
for preparing ionic liquids and various applications. 

These applications comprise oligomerisation of etliene, propene or butene with 
various nickel-based precursors dissolved in Ionic liquids as disclosed for 
15 example in Dupont et al. (Dupont, J., de Souza R.F.. Suarez P.A.Z., in Chem. 
Rev., 102, 3667, 2002.). The same document also discloses that Ziegler-Natta 
type polymerisation can be carried out in dialkylimidazoiium halides/ammontum 
haiide ionic liquids using AICl3.xRx as cocataiysts. 

20 Other applications include the use of ionic Kquids that are liquid at or below room 
temperature as solvents fortransition-meiai-medlated catalysis, such as 
described for exsmnple in Welton (Weltbn T., in Chem. Rev., 99. 2071, 1999.). 
Most attempte have proven successful in dimerisation or oligomerisation, but 
polymerisation remains problematic, especially with metallocene catalyst 

25 components. 

There is thus a need to develop new metallocene catalyst systems based on 
ionic liquids that are active in the polymerisation of alpha-olefins. 

30 It Is an aim of the present invention to provide a method for preparing a 
metallocene catalyst component dissolved in an Ionic liquid. 
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It is another aim of the present invention to provide a metallocene catelyst 
component dissolved in an ionic liquid. 

5 It Is a further aim of the present invention to provide a process for polymerising 
alpha-olefins using a metallocene catalyst component dissolved in an ionic liquid. 

It Is also an aim of the present invention to prepare new polymers wifli said new 
catalyst system. 

10 

Accordingly, the present invention discloses a method for preparing a dissolved 
metallocene catalyst component for the polymerisation of alpha-oiefins that 
comprises the steps of: 

a) providing a halogenated precursor component of formula (I) 

IS 

X— [-CHH-CHs (I) 

b) reacting the halogenated precursor with an Ionic liquid precursor in a 
solvent to prepare an ionic liquid; 

20 

IL.*X- 



c) optionally, reacting the intermediate IL*X- with a salt C*A-, wherein C* is a 
cation that can be selected from K*. Na*. NH4*, and A" is an anion that can 
be selected from PFe", SbFe', BF4-, (CF3-S02)2N-, CIO4-, CF3SO3-, HO3 or 
CF3CO2'. 



30 



d) using the Ionic liquid obtained In step b) or c) to dissolve a complex of 
formula (II) 

R" (CpR*") (Cp'R") M Q2 (11) 
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. 3 

wherein Cp and C'p are independently selected from substituted or 
unsubstituted cyclopentadienyl groups M is a metal selected from Group 4 
of the Periodic Table, R" is a structural bridge imparting stereorigidity 
between Cp and Cp' and Q is a halogen or an alkyl having from 1 to 12 
5 carbon atoms; 

e) retrieving a metallocene catalyst component dissolved in an ionic liquid. 

The groups (CpR"") and (Cp'R*^) may include substituted or unsubstituted indenyl 
or fluorenyl groups. The position and nature of the substituents R"^ and R" is not 
10 particularly limited. 

Preferably, the metallocene catalyst component is a bis-indenyl, a bis- 
benzindenyl or a bis-tetrahydroindenyl, substituted or unsubstituted. 

15 Particularly suitable metallocene catalyst components can be selected from 
ethylene bis-terahydroindenyl zirconium dichioride, or dimethylsilyl bis<2-Me- 
benzlndenyl) zirconium dichloride or dimethylsilyl bis(2-Me-4-Ph'lndenyl) 
zirconium dichloride. 

20 AH reactions are carried under argon at atmo^heric pressure, using the standard 
Schlenk or glovebox techniques. 

In the Ionic liquid, the anion X" can be selected from Cr, Br", I", BF4", PFe", AsFe'^ 
SbF6\ NO2' and NO3'. It can also be selected from compounds of formula 

25 AIR4-2A"2 wherein R can be selected from an alkyl having from 1 to 12 carbon 
atoms, substituted or unsubstituted, or from a cycloalkyi having 5 or 6 carbon 
atoms, substituted or unsubstituted, or from an heteroalkyi, substituted or 
unsubstituted, or from an heterocycloalkyi, substituted or unsubstituted, or from 
an aryl having 5 or 6 carbon atoms, substituted or unsubstituted, or from an 

30 heteroaryl, substituted or unsubstituted, or from an alkoxy, an aryloxy, an acyl, a 
silyl, a boryl, a phosphino, an amino, a thio or a seleno, wherein A" Is a halogen 
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and wherein z is an integer from 0 to 4. The cationic part of the ionic liquid nnay 
be prepared by protonation or alkylation of a compound selected from Imidazole, 
pyrazollne, thiazole, triazole, pyrrole, indone, tetorazole, pyridine, pyrimidlne, 
pyrazine, pyridazine, piperazine or piperidine. 

5 . 

Preferably, the anion X' is Br or BF4 , and preferably the cationic part Is derived 
from imidazolium or pyridinium. 

If the ionic liquid precursor is N-allcyl-imidazolium, the reaction is carried out at a 
10 temperature of from 50 to 150 ''C, preferably of from 80 to 120 °C and for a 

period of time of from 1 to 24 hours, preferably of from 2 to 6 hours. The resulting 
intermediate product is an ion pair of formula til 



15 



20 



25 



(III) 

If the ionic liquid precursor is pyridinium, the reaction is carried out at a 
temperature of from 50 to 120 ''C, preferably of from 90 to 110 X and for a 
period of time of from 1 to 24 hours, preferably of about 2 hours. The resulting 
product is an ion pair of formula IV 



(IV) 

The intermediate products Hi or IV are then used to dissolve a complex of 
formula R" (CpR"") (Cp'R") M Q2 in a solvent selected typically from CH2CI2, THF, 
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or toluene, at room temperature (about 25 °C), for a period of time of from 1 to 24 
hours, preferably of from 1 to 2 hours. The resulting product is a dissolved 
catalytic component of formula V if the ionic liquid precursor is a N-alkyl- 
imidazolium 



w 

R" (CpR"*) (Cp'R") M Qa 

(V) 

10 or of formula Vi if the ionic liquid is pyrkiinium 

X" 

R" (CpR") (Cp'R") M Q2 



(VI) 



1.5 Optionally, before the dissolution of the complex is carried out, the Intermediate 
product (III) or (IV) can be reacted with a salt C*A', wherein C* is a cation that 
can be selected from K*. Na*. NH/, and A" is an anion that can be selected from 
PFe", SbFe'. BF4'. (CF3-S02)2N-, CI04-. CF3SO3'. HO3 or CF3CO2'. The reaction is 
carried out in a solvent selected typically from CH2CI2, THF or CH3CN at a 

20 temperature of from 50 to 80 X, preferably of about 60 "C and for a period of 
time of from 6 to 48 hours, preferably of from 16 to 24 hours. 

The dissolution of the Hgand is then carried out as previously leading to an ion 
pair representing a supported catalytic component of formula VII if the ionic liquid 
25 is N-alicyl-imidazoHum 
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R" (CpR"") (Cp'R") M Cb 



(VII) 

5 

or of fbrmuia Vil! if the Ionic liquid is pyridtnium 



A 




10 R" (CpR'") (Cp'R") M Q2 

(VIII) 

The present invention also discloses a catalytic component dissolved in an ionic 
15 liquid, obtainable by the method described here-above. 

An active catalyst system dissolved in an ionic liquid is then obtained by addition 
of an activating agent. 

20 The activating agent can be selected from alumlnoxanes or aluminium alkyls or 
boron-based activating agents. 

The aluminium alkyls are of the formula AIRx and can be used wherein each R Is 
the same or different and is selected from halides or from alkoxy or alkyl groups 
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having from 1 to 12 carbon atoms and x is from 1 to 3. Especially suitable 
aluminiumalkyl are dialkylaluminum chloride, the most preferred being 
diethylaluminum chloride (Et2AiCI). 

5 The preferred aluminoxanes comprise oligomeric linear and/or cyclic alkyi 
alumoxanes represented by the formula : 



R-(AI-0)n-AIR2 for oligomeric, linear aluminoxanes 
I 

R 



10 and 



(-AI-O-)iYi for oiigomeric, cyclic aluminoxanes, 



15 Wherein n is 1-40, preferably 10-20,.m is 3-40, preferably 3-20 and R is a Cf-Ca 
alkyI group and preferably methyl. 
MethylafumirK>xane (MAO) is preferably used. 

Suitable boron-based activating agents may comprise triphenylcarbenium boronate 
20 such as tetrakisijentafluorophenyl-borato-triphenylcarbenium [C (Ph)3* B( CeFs W ] 
as described In EP-A-0.427.696 

Other suitable boron-containing activating agente are described in EP-A-0,277,004. 

25 The amount of activating agent is such that the Aim ratio is of from 1 00 to 1 000. 

The present invention further provides a method for homopoJymerising or for 
copolymerising alpha-olefins that comprises the steps of: 

a) injecting an apolar solvent into ihe reactor, then the catalytic component 
30 dissolved in an ionic liquid and activated by a activating agent; 

b) injecting the monomer and optional comonomer irrto the reactor; 
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c) maintaining under polymerisation conditions; 

d) retrieving the polymer under the form of particles. 

The conditions of temperature and pressure for the polymerisation process are not 
5 particularly iimited. 

The pressure in the reactor can vary from 0,5 to 60 bars, preferably from 1 to 20 
bars and most preferably from 4 to 10 bars, 

10 The polymerisation temperature can range from 10 to 100 **C, preferably from 20 to 
70 ""C and most preferably at room temperature (about 25 ""C). 

The solvent is apolar and is typically selected from an alkane, preferably n- 
heptane. 

15 

The reaction is carried out for a period of time of from 30 minutes to 24 hours. 

The monomers that can be used in the present invention are alpha-ofefins having 
from 2 to 8 carbon atoms, preferably ethylene and propylene, 

20 

Examples, 

Synthesis of dissotved catalyst components using different ionic liquids. 

25 Synthesis of 1-methvl*3-pentvBmidazolium bromide (ILDIHV 

Br" 
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9.96 mL of N-methyllmldazole (125 mmole) were introduced in a Sclilenk followed 
by 22.16 mL of bromopentane (187.5 mmoles). The reaction medium was stirred 
during 2 Iiours at a temperature of 90 "C. After cooling down to room temperature. 
40 mL of dietliylic etlier were added, to fomi a white precipitate- After filtration, the 
precipitate was washed 4 times with 40 mL of diethylic ether. After filtration, 24.7 g 
of a white solid were obtained wifli a yield of 85 %. 



The NMR spectra were as follows: 



13, 



C NMR (75 MHz. CDCb) 6: 137.17. 123.77. 122.09. 50.01. 36.67, 29.92 28 17 
21.98, 13,76. ' 



Synthesis of N-pentvlpyridinium bromide (\L2\ fIV)-. 



Br" 




0.4 mL of pyridine (5 mmoles) were introduced In a Schfenk followed by 0.8 mL of 
bromopentane (7.5 mmoles). The reaction medium was stin-ed during 2 houre at a 
temperature of 100 until formation of a precipitate. After cooling down to room 
temperature, the precipitate was washed 3 times with 5 mL of diethylic ether. After 
filtration and drying under reduced pressure, 1.09 g of a cieam-coloured solid were 
obtained with a yield of 95 %. 

The NMR spectra were as foltows: 

'Ao^"*'!?*'? ^'^^ < ^' 2). 8-52 ( tr. 1). 8.11 ( tr. 2), 4.93 ( tr. 2). 

1.98(q.2). 1.28(m,4).0.77(tr, 3). \ ' 

NMR (75 MHz, CDCI3) 6: 145.18, 128.47. 61.80. 31.66. 27.92. 22.02, 13.75. 
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Synthesis of the system catalyst com ponent/ionic liquid. 

One micromote of the metallocene catalyst component ethylene bis- 
tetrahydroindenyl zirconium dichloride (THI) was dissolved in 1 mL of CH2CI2 to 
5 whoh was added one micromole of the ionic liquid dissolved in 1 mL of the same 
solvent The reaction medium was kept under stirring at room temperature (about 
25 *C) for a period of time of one hour. The solvent was then vaporised under 
reduced pressure. A yellow oil was obtained. 

. 10 Polymerisation of oropvlene. 

The polymerisation conditions were as follows: 

- 1 ijmote of catalyst (THI) and 1 pmote of ionic liquid were mixed with 1000 
equivalents of methylaluminoxane (MAO) 

15 - 60 mL of n-heptane were added to allow the fomnation of a yellow 
precipitate that could easily be injected into the reaction zone (The n- 
heptane phase was colouriess). 

- propylene was Injected Into the reactor and the system was maintained at 
a temperature of 70 "C and under a pressure of 5 bars during a period of 

20 time of one hour. 

- the solvent was then evaporated and the residue was treated with 1 00 mL 
of acid methanol (10 vol% HCI), then washed with water and dried under 
vacuum. 

25 As reference example, the same amount of THI was activated with the same 
amount of MAO, but no ionic liquid was used. 

The ionic liquids were respectively 1-methyl-3-pentylimidazollum bromide (IL1) 
and N-pentylpyridinium bromide (IL2) 

30 

The results are summarised in Table 1. 



Fax resu de : +32 64 514657 



02/'03yB4 16:55 P»: 22 



TABLE I. 





Catalytic system 


Mass of polymer 

(g) 


C3H6 consumption 
(tons CsHs/mol/ii) 


1 


THI 


4.47 


4.6 


2 


THI + 1 equ. IL1 


3.85 


4.9 


3 


THI + 1 equ. IL2 


4.52 


4,9 



As can be seen from Table I, the presence of the ionic liquid leads to a slight 
5 increase of the catalysts activity. The polymers obtained with the ionic liquid 
system had substantially the same structure and the same lusion temperature as 
those obtained with conventional metellocene catalyst systems. In addition, the use 
of ionic liquids allows the preparation of a powder in n-heptane that Is easily 
injected into the reactor. 



10 
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CLAIMS. 

1 . A method for preparing a dissolved catalyst component comprising the steps 
5 of: 

a) providing a halogenated precursor component of fonrtula (I) 



10 



-X-[-CH2-l-CH3 (I) 
b) reacting the halogenated precursor with an ionic liquid precursor in a 
solvent to prepare an ionic liquid; 



15 



c) optionally, reacting the intermediate !L*X" with a salt C*A", wherein is a 
cation that can be selected from K*, Na*. NH/, and A" is an anion that can 
be selected from PFg", SbFe". BF/, (CF3-S02)2N-, CIO4', CF3SO3". NO3" or 
CF3CO2". 



d) using the ionic liquid prepared in step b) to dissolve a metailocene 
component offomiula(H) 

20 R" (CpR"*) (Cp'R") M Q2 (II) 

wherein Cp and C'p are independently seledsd from substituted or 
unsubstituted c^clopentadienyl groups M is a metal selected from Group 4 of 
thie Periodic Table, R" is a structural bridge imparting stereorigidity between 
Cp and Cp' and Q is a halogen or an alky I having from 1 to 12 carbon 

25 atoms; 

e) iBtrieving a metailocene catalyst component dissolved in an ionic lk|uid. 



30 



2. The method of claim 1 wherein the ionic liquid precursor is N-alkyl- 
imidazolium or pyridinium. 
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3. The method of claim 1 or claim 2 wherein the solvent used in steps b), 
step c) and step d) is selected from THF, CH2CI2 or toluene. 

4. The method of any one of the preceding claims wherein the metallocene 
5 catalyst component Is selected from a bis-indenyl, a bis-benzindenyl or a bis- 

tetrahydroindenyl, substituted or unsubstituted. 



5. A catalyst component dissolved in an ionic liquid obtainable by the method 
10 of any one of claims 1 to 4. 



6. A catalyst system dissolved in an ionic liquid comprising the catalyst 
component of claim 5 and an activating agent 

IS 7. The catalyst system dissolved in an ionic liquid of claim 6 wherein tiie 
activating agent is methyialuminoxane and wherein Q is a halogen. 

8. The catalyst system dissolved in an ionic liquid of claim 7 wherein the 
20 amount of methyialuminoxane is such that the Al/M ratio is of from 1 00 to 
1000. 



9. A method for homopotymerising or copolymerising alpha-olefins that 
comprises the steps of: 
25 a) injecting the catalytic system dissolved in an ionic liquid of any one of claims 
6 to 8 with an apolar solvent into the reactor, 

b) injecting the monomer and optional comonomer into the reactor; 

c) maintaining under polymerisation conditions; 

d) retrieving the polymer 

30 



1 0. The method of claim 9 wherein tfie apolar solvent is n-heptane. 
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11. The method of dalm 9 or claim 10 wherein the monomer is ethylene or 
propylene. 



5 
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ABSTRACT, 

The present invention discloses a method for preparing a dissolved catalyst 
component comprising the steps of: 
5 a) providing a halogenated precursor component of formula (I) 

— X-[-CH2-]-CH3 (I) 
b) reacting the halogenated precursor with an Ionic liquid precursor in a 
solvent to prepare an ionic liquid; 



10 



c) optionally, reacting the intermediate IL^X" with a salt C*A^ wherein is a 
cation that can be selected from IC, Na^, NH/, and is an anion that can 

15 be selected from Pfe, SbFe\ BF4 , (CF3-S02)2N , CIO4 , CF3SO3", HO3 or 

CF3CO2, 

d) using the ionic liquid prepared in step b) to dissolve a metallocene 
component of formula (II) 

20 R" (CpR"') {Cp*R^) M Q2 (II) 

wherein Cp and C'p are independently selected from substituted or 
unsubstituted cyclopentadienyl groups M is a metal selected from Group 4 of 
the Periodic Table, R" is a structural bridge imparting stereorigidity between 
Cp and Cp' and Q is a halogen or an atkyi having from 1 to 12 carbon 

25 atoms; 

e) retrieving a metallocene catalyst component dissolved in an ionic liquid. 

It also discloses an active catalyst system dissolved in an ionic liquid and its use 
in the polymerisation of olefins. 

30 
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